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(57) ABSTRACT

A magnetization apparatus includes a power supply unit, an
energy storage element and a voltage clamp unit. The power
supply unit generates at least one exciting signal to excite at
least a coil of a magnetic field generating apparatus. The
voltage clamp unit has a clamping voltage. The voltage level
of the clamp voltage 1s higher than the voltage level of the
exciting signal, and lower than the rated voltage of the energy
storage clement. When the exciting signal turns to a low
voltage level, the voltage clamp unit controls the voltage level
of the energy storage element to be less than or equal to the
voltage level ol the clamp voltage. This configuration with the
voltage clamp unit can extend the lifetime of the energy
storage element and reduce the energy loss to enhance the
elficiency.
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1
MAGNETIZATION APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This Non-provisional application claims priority under 35
U.S.C. §119(a) on Patent Application No(s). 100122232 filed

in Tartwan, Republic of China on Jun. 24, 2011, the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a magnetization apparatus
and, 1n particular, to a magnetization apparatus that can
extend the lifetime of the energy storage element and reduce
the energy loss to enhance the efficiency.

2. Related Art

The targeted therapy is to 1nject a targeted medicine into a
patient body to attack a specific cell (e.g. a tumor cell). How-
ever, the injected targeted medicine may be dispersed to every
part of the body, so the targeted therapy eliliciency 1s
decreased. Besides, the dispersion of the medicine may cause
unpredictable side effect, which may bring additional injury
to patients. In order to improve the efficiency of targeted
therapy, the magnetic guidance control system 1s introduced
to the targeted therapy. The magnetic guidance control system
includes a magnetic field generating apparatus for generating
a proper magnetic force, which can guide the magnetic tar-
geted medicine to a specific area so as to effectively treat a
certain disease.

FIG. 1 1s a circuit diagram showing a conventional mag-
netization apparatus 1, which can control a magnetic field
generating apparatus to generate the desired magnetic field
for guiding the magnetic particles or magnetic medicine to a
specific position so as to effectively treat a certain disease.

The magnetization apparatus 1 includes a DC voltage sup-
ply unit 11, an energy storage element 12, an energy release
unit 13, three full-bridge conversion units 141-143, and a
current feedback unit 15.

The DC voltage supply unit 11 generates at least one excit-
ing signal ES for enabling the coils T ,, T, and T - to generate
magnetic fields to control the magnetic particles or magnetic
medicine. The energy storage element 12 1s electrically con-
nected with the DC voltage supply unit 11 and stores the
energy E generated by demagnetizing thecoilsT ,, Tzand T ..
The energy release unit 13 1s electrically connected with the
DC voltage supply unit 11 and the energy storage element 12
for eliminating the energy E generated by demagnetizing the
coilsT ,, Tpand T . The full-bridge conversion units 141-143
are electrically connected with the DC voltage supply umit 11,
the energy storage element 12 and the energy release unit 13,
and respectively connected to the coils T ,, T, and T.. The
tull-bridge conversion units 141-143 are alternately turned
on. That 1s, the coil of one phase 1s excited after another coil
ol aprevious phase 1s demagnetized to eliminate the energy E.
In addition, each of the full-bridge conversion unmits 141-143
includes four switches S1-S4. FI1G. 1 only shows the switches
S1-S4 of the full-bridge conversion unit 141 connecting to the
coil T ,. The current feedback unit 15 respectively senses the
currents flowing through the coils T ,, T, and T, and then
outputs a control signal DS to control the ON/OFF statuses of
the switches S1-S4 of the full-bridge conversion units 141-
143, thereby exciting or demagnetizing the coils T ,, T and
T, respectively. As a result, the magnetic particles or mag-
netic medicine can be controlled and guided to the specific
position.
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Taking the coils T, as an example, however, when the
exciting signal ES 1s 1n a low voltage level, the control signal
DS controls to turn on the switches S2 and S3 and turn oif the
switches S1 and S4 so as to eliminate the energy E generated
by demagnetizing. In this case, the energy E generated by
demagnetizing the coil T , can flow back to the energy storage
clement 12 and the energy release unit 13 through the
switches S2 and S3, so that the terminal voltage of the energy
storage element 12 increases and exceeds the rated voltage of
the energy storage element 12. This usually shortens the
lifetime of the energy storage element 12. In addition, the
conventional energy release unit 13 does not have the passive
demagnetizing function, so it must be synchronized with the
DC voltage supply unit 11. In other words, after the exciting
signal ES of one coil 1s switched to a low voltage level and the
energy release unit 13 1s simultaneously enabled to absorb the
energy E generated by demagnetizing the coil, another coil
can then be excited. For example, after the co1l T , 1s demag-
netized and the energy release unit 13 absorbs the energy E
generated by demagnetizing the coil T , the DC voltage sup-
ply unit 11 outputs another exciting signal ES to excite
another coil T,. This configuration usually results some loss
of the energy E at the energy release unmit 13 and thus
decreases the elficiency of the magnetization apparatus 1.

Therefore, 1t 1s an 1important subject of the present iven-
tion to provide a magnetization apparatus that can extend the
lifetime of the energy storage element and reduce the energy
loss to enhance the efliciency.

SUMMARY OF THE INVENTION

In view of the foregoing subject, an objective of the present
invention 1s to provide a magnetization apparatus that can
extend the lifetime of the energy storage element and reduce
the energy loss to enhance the efficiency.

To achieve the above objective, the present invention dis-
closes a magnetization apparatus including a power supply
unit, an energy storage element and a voltage clamp unit. The
power supply unit generates at least one exciting signal to
excite at least a coi1l of a magnetic field generating apparatus.
The energy storage element 1s electrically connected with the
power supply unit. The voltage clamp unit 1s electrically
connected with the power supply unit and the energy storage
clement and has a clamping voltage. The voltage level of the
clamp voltage 1s higher than the voltage level of the exciting
signal, and lower than the rated voltage of the energy storage
clement. When the exciting signal turns to a low voltage level,
the voltage clamp unit controls the voltage level of the energy
storage element to be less than or equal to the voltage level of
the clamp voltage.

In one embodiment, the power supply unit comprises a
constant-voltage power supply or a constant-voltage current-
limited power supply.

In one embodiment, when the exciting signal turns to the
low voltage level, the energy generated by demagnetizing the
coil 1s transferred to the energy storage element.

In one embodiment, when the exciting signal turns to the
low voltage level, the voltage clamp unit controls the internal
switch thereol according to the voltage level of the energy
storage element, thereby controlling the voltage level of the
energy storage element to be less than or equal to the voltage
level of the clamp voltage.

In one embodiment, the exciting signal comprises a DC
signal or a pulse signal.

In one embodiment, the exciting signal comprises an over-
drive current signal.
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In one embodiment, the over-drive current signal and the
exciting signal are 1n the same phase or opposite phase.

In one embodiment, when the magnetic field generating,
apparatus has multiple coils, the power supply unit outputs a
plurality of exciting signals to excite the coils respectively.

In one embodiment, the exciting signals are partially over-
lapped.

In one embodiment, the magnetization apparatus further
includes at least a full-bridge conversion unit electrically
connected with the coil, the power supply unit, the voltage
clamp unit and the energy storage element, and the full-bridge
conversion unit 1s disposed corresponding to the coil.

In one embodiment, the magnetization apparatus further
includes a control unit electrically connected with the full-
bridge conversion unit for controlling an operation of the
tull-bridge conversion unit so as to enable the exciting signal
to exciting the coil or to demagnetizing the coil.

In one embodiment, the magnetization apparatus further
includes a current feedback unit for sensing the current of the
coil to control an operation of the full-bridge conversion unit
so as to enable the exciting signal to exciting the coil or to
demagnetizing the coil.

As mentioned above, the magnetization apparatus of the
invention 1s configured with a voltage clamp unit with a clamp
voltage, and the voltage level of the clamp voltage 1s higher
than the voltage level of the exciting signal outputted by the
power supply unit. Thus, the voltage clamp unit can provide
the passive demagnetizing function, which can use the energy
generated by demagnetizing one coil to excite another coil.
This function can prevent the demagnetizing energy loss at
the voltage clamp unit so as to increase the efficiency of the
magnetization apparatus. In addition, the voltage level of the
clamp voltage 1s lower than the rated voltage of the energy
storage element, and when the exciting signal turns to a low
voltage level, the voltage clamp unit controls the voltage level
of the energy storage element to be less than or equal to the
voltage level of the clamp voltage. Accordingly, the voltage
level of the energy storage element can be clamped by the
voltage clamp unit, so that the terminal voltages of two ter-
minals of the energy storage element do not exceed the rated
voltage. Thus, the magnetization apparatus of the imnvention

can extend the lifetime of the energy storage element.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will become more fully understood from the
detailed description and accompanying drawings, which are
given for illustration only, and thus are not limitative of the
present invention, and wherein:

FIG. 1 1s a schematic diagram showing a conventional
magnetization apparatus;

FIGS. 2A and 2B are circuit diagrams of a magnetization
apparatus according to a preferred embodiment of the mven-
tion;

FIGS. 3A to 3F are schematic graphs showing the wave-
forms of the current signals flowing through the coils;

FIG. 4A 1s a circuit diagram of the magnetization appara-
tus;

FI1G. 4B 1s a schematic graph showing the wavetform of the
exciting signal; and

FIG. 5 1s a circuit diagram of a magnetization apparatus
according to another preferred embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be apparent from the following
detailed description, which proceeds with reference to the
accompanying drawings, wherein the same references relate
to the same elements.
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FIGS. 2A and 2B are circuit diagrams of a magnetization
apparatus 2 according to a preferred embodiment of the
invention. The magnetization apparatus 2 1s, for example,
applied to the therapeutical applications such as targeted
therapy, cardiovascular therapy, medical micro machine
guidance, surgical catheter guidance, or the likes. In practice,
the magnetization apparatus 2 can control the coil of a mag-
netic field generating apparatus to generate a proper magnetic
field for gumiding a magnetic particle, a medical catheter, a
medical machine (micro machine), or theirr combinations.
The magnetic particle includes, for example but not limited
to, magnetic nano-particle or magnetic nano-medicine.

The magnetization apparatus 2 1s cooperated with a mag-
netic field generating apparatus, which has at least one coil. In
this case, the magnetic field generating apparatus has three
coils T , T, and T - for example. In addition, the magnetiza-
tion apparatus 2 includes a power supply unit 21, an energy
storage element 22, and a voltage clamp unit 23.

The power supply unit 21 generates at least one exciting,
signal ES to excite the coils T, T, and T .. In practice, the
power supply unit 21 outputs a plurality of exciting signals ES
for respectively exciting the coils T ,, T, and T . The exciting
signal ES 1s a current signal, and the current signals tlowing
through the coils T ,, T and T ~ may include a DC signal (see
FIG. 3A) or a pulse signal (see FIG. 3B). When the power
supply unit 21 outputs the exciting signals ES, thecoils T ,, T4
and T - are controlled to generate magnetic fields for guiding
and controlling the movement of a magnetic particle. Besides,
when the exciting signals ES are in a low voltage level, the
coils T ,, T, and T . are demagnetized.

The power supply unit 21 includes a constant-voltage
power supply or a constant-voltage current-limited power
supply. In this case, the power supply umt 21 includes a
constant-voltage current-limited power supply for example.
When the currents flowing through the coils T ,, T, and T .
rise to reach the maximum current value of the constant-
voltage current-limited power supply, the output of the con-
stant-voltage current-limited power supply becomes a con-
stant current. Thus, the magnetic force sensed by the
magnetic particle has a linear property, so that the magnetic
field generating apparatus can easily control the magnetic
particle.

The energy storage element 22 1s electrically connected
with the power supply unit 21. In this case, the energy storage
clement 22 1s, for example, a capacitor for storing the energy
E generated by demagnetizing the coils T ,, T, and T~ as the
exciting signals ES are in the low voltage level.

The voltage clamp unit 23 1s electrically connected with the
power supply unit 21 and the energy storage element 22, and
has a clamping voltage V .. The voltage level of the clamp
voltage V.~ 1s lower than the rated voltage of the energy
storage element 22. In this case, the voltage clamp unit 23 1s
a constant-voltage DC electronic load, which can control the
conductive amount of the internal power switches (e.g. power
transistors) according to the inputted voltage level, so that the
excess energy can be consumed by the internal loads of the
clectronic load.

In addition, the voltage level of the clamp voltage V- 1s
higher than the set voltage level of the power supply unit 21,
so that the voltage clamp unit 23 has the passive demagnetiz-
ing function. Accordingly, the synchronization of the voltage
clamp umt 23 and the power supply unit 21 1s not needed. In
other words, betfore one coil 1s demagnetized, the power sup-
ply unit 21 can output another exciting signal ES to excite
another coil. For example, the coil T; can be excited before
the coil T , 1s demagnetized. Thus, when the exciting signal
ES of the co1l T, 15 in a low voltage level for exciting the coil
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T ,, the demagnetizing energy E can be transterred to the coil
T, to excite it. Accordingly, the energy E 1s not lost at the
voltage clamp unit 23 so as to increase the efficiency of the
magnetization apparatus 2.

The magnetization apparatus 2 further includes full-bridge
conversion units 24A, 24B and 24C, which are electrically
connected with the power supply unit 21, the voltage clamp
unit 23, and the energy storage element 22, and are respec-
tively connected to the coils T, T, and T,.. Each of the
tull-bridge conversion units 24A, 24B and 24C includes four
switches S1-S4. The control unit 235 separately controls the
ON/OFF statuses of the switches S1-54, thereby exciting or
demagnetizing the coils T ,, Tz and T, respectively. To be
noted, FIGS. 2A and 2B only show the switches S1-S4 con-
necting to the coil T .

Moreover, the magnetization apparatus 2 further includes a
control unit 25, which 1s electrically connected with the full-
bridge conversion units 24A, 24B and 24C. The control unit
25 can separately control the operations of the full-bridge
conversion units 24A, 24B and 24C, so as to enable the
exciting signals ES to respectively excite or demagnetize the
coilsT,, Tz and T

The procedures of exciting or demagnetizing the coils T ,
T, and T -~ of the magnetization apparatus 2 will be 1llustrated
hereinafter with reference to FIGS. 2A and 2B.

As shown 1n FIG. 2A, when the control unit 25 outputs a
control signal DS to turn on the switch S1 and S4 of the
tull-bridge conversion unit 24A, the power supply unit 21
outputs the constant-voltage exciting signal ES, which flows
through the switch S1, the coi1l T , and the switch S4 so as to
excite the coil T . In this case, the coil T, 1s excited by the
constant voltage. After the excited current of the coi1l T, rises
and reaches the maximum current value of the power supply
unit 21 (e.g. a constant-voltage current-limited power sup-
ply), the power supply unit 21 outputs the constant current,
which facilitates the control of the magnetic particles. Herein,
the control signal DS 1s a PWM (pulse width modulation)
signal.

To be noted, as shown 1n FIGS. 3C to 3F, when the exciting
signal ES 1s applied to excite the coils T ,, T, and T, the
current signal flowing through the coils T ,, T and T~ con-
tains an over-drive current signal (see the regions R of FIGS.
3C to 3F). The over-drive current signal can eflectively
increase the controllability of guiding the magnetic particle.
In addition, the over-drive current signal and the exciting
signal ES are, for example, 1n the same phase or out of phase.

The power supply unit 21 outputs the exciting signal ES
with positive or negative current pulse, and also contains the
positive over-drive current flowing through the coils T ,, T,
and T~ (see FIG. 3E) for instantly decelerating the magnetic
particle to stop at a desired position. As shown 1n FIGS. 3C
and 3D, the over-drive current tlowing through the coils T ,
T, and T 1s a controllable current signal. Herein, the con-
trollable parts thereof include the positive over-drive current
I,, the positive over-drive current time T, the negative over-
drive current I,, the negative over-drive current time T,, the
current peak 1., and the excited (conducted) time T. Accord-
ingly, by the above over-drive current method, the user can
control the magnetic particle based on the actual needs. For
example, the magnetic particle can be controlled to move by
overcoming the static frictional force, or to mstantly deceler-
ate to stop at a specific position.

Referring to FIG. 2B, when the exciting signal ES 1s 1n the
low voltage level, the switches S1 and S4 of the full-bridge
conversion unit 24A are turned off, and the switches S2 and
S3 thereof are turned on, thereby demagnetizing the co1ll T
and releasing the energy E to the energy storage element 22
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through the switches S2 and S3. The operation of the voltage
clamp unit 23 can be controlled according to the voltage level
of the energy storage element 22. When the energy storage
clement 22 1s charged by the energy E, and the voltage level
of the energy storage element 22 1s raised to be equal to the
clamp voltage V - of the voltage clamp unit 23, the internal
switches ol the voltage clamp unit 23 are controlled to turn on.
Thus, the energy E can be released to and absorbed by the
voltage clamp unit 23 so as to decrease the voltage of both
terminals of the energy storage element 22 to be clamped by
the clamp voltage V .. As a result, when the power supply unit
21 outputs the exciting signal ES of a low voltage level, the
voltage clamp unit 23 can control the voltage level of the
energy storage element 22 to be less than or equal to the
voltage level of the clamp voltage V . Besides, the voltage
level of the energy storage element 22 1s controlled to be less
than the rated voltage so as to extend the lifetime of the energy
storage element 22.

With reference to FIGS. 4A and 4B, the power supply unit
21 can output a plurality of exciting signals ES for exciting the
coils T ,, T and T, respectively. Besides, the driving cur-
rents flowing through the coils T ,, T, and T are partially
overlapped (see the marked stripe region of FIG. 4B), and the
overlapping time can be adjusted based on the requirement. In
other words, when the coil T, 1s excited, 1t 1s possible to
exciting the coil T, of another phase simultaneously. After the
coll T , 1s demagnetized, the demagnetizing energy E 1s pro-
vided to excite the coil T4, so that the coil T can be simul-
taneously excited. Referring to FIG. 4A, the energy E gener-
ated by demagnetizing the coil T, 1s not consumed on the
voltage clamp unit 23, so that the energy loss can be decreased
to achieve the desired energy saving effect and increase the
elficiency of the magnetization apparatus 2. Similarly, when
the coil T, 1s excited, 1t 1s possible to exciting the coil T . of
another phase simultaneously. After the coil T, 1s demagne-
tized, the demagnetizing energy 1s provided to excite the coil
T -, so that the co1l T ~ can be simultaneously excited. Accord-
ingly, the magnetization apparatus 2 can control the full-
bridge conversion units 24 A, 248 and 24C to simultaneously
exciting or demagnetizing the coils T ,, T and T, respec-
tively.

FIG. 5 1s a circuit diagram of a magnetization apparatus 3
according to another preferred embodiment of the invention.

Referring to FI1G. 5, the magnetization apparatus 3 includes
a power supply unit 31, an energy storage element 32 and a
voltage clamp unit 33. Besides, the magnetization apparatus 3

further includes the full-bridge conversion units 34A, 34B
and 34C.

Different from the above-mentioned magnetization appa-
ratus 2, the power supply unit 31 of the magnetization appa-
ratus 3 1s a constant-voltage power supply (without current
limitation). In addition, the magnetization apparatus 3 further
includes a current feedback unit 33 for separately sensing the
currents flowing through the coils T, T; and T, so as to
control the operations of the full-bridge conversion units 34 A,
34B and 34C. By controlling the operations of the full-bridge
conversion units 34A, 34B and 34C, 1t 1s possible to control
the exciting signal ES to excite or demagnetize the coils T ,,
T,and T .. The magnetization apparatus 3 detects the currents
flowing through the coils T ,, T, and T . by the current feed-
back unit 35, and then outputs a voltage signal (not shown).
After comparing this voltage signal with a current tracing
signal TS, a PWM control signal DS 1s generated to drive the
tull-bridge conversion unit 34 A, thereby turning on/off the
switches S1-S4 of the full-bridge conversion units 34A.
Herein, the current tracing signal TS 1s a pulse signal.
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The technical features of other components of the magne-
tization apparatus 3 can be referred to the same components
of the magnetization apparatus 2, so the detailed description
thereot 1s omaitted.

In summary, the magnetization apparatus of the invention
1s configured with a voltage clamp unit with a clamp voltage,
and the voltage level of the clamp voltage 1s higher than the
voltage level of the exciting signal outputted by the power
supply unit. Thus, the voltage clamp unit can provide the
passive demagnetizing function, which can use the energy
generated by demagnetizing one coil to excite another coil.
This function can prevent the demagnetizing energy loss at
the voltage clamp unit so as to increase the etficiency of the
magnetization apparatus. In addition, the voltage level of the
clamp voltage 1s lower than the rated voltage of the energy
storage element, and when the exciting signal turns to a low
voltage level, the voltage clamp unit controls the voltage level
of the energy storage element to be less than or equal to the
voltage level of the clamp voltage. Accordingly, the voltage
level of the energy storage element can be clamped by the
voltage clamp unait, so that the terminal voltage of the energy
storage element do not exceed the rated voltage. Thus, the
magnetization apparatus of the invention can extend the life-
time of the energy storage element.

Although the invention has been described with reference
to specific embodiments, this description 1s not meant to be
construed 1n a limiting sense. Various modifications of the
disclosed embodiments, as well as alternative embodiments,
will be apparent to persons skilled 1n the art. It 1s, therefore,
contemplated that the appended claims will cover all modifi-
cations that fall within the true scope of the mnvention.

What 1s claimed 1s:

1. A magnetization apparatus, which 1s cooperated with a
magnetic field generating apparatus having at least a coil, the
magnetization apparatus comprising;:

a power supply unit generating at least an exciting signal to

excite the coil;

an energy storage element electrically connected with the

power supply unit; and

a voltage clamp unit electrically connected with the power

supply unit and the energy storage element and having a
clamping voltage, wherein the voltage level of the clamp
voltage 1s higher than the voltage level of the exciting
signal and lower than the rated voltage of the energy
storage element, and when the exciting signal turns to a
low voltage level, the voltage clamp unit controls the
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voltage level of the energy storage element to be less
than or equal to the voltage level of the clamp voltage.

2. The magnetization apparatus of claim 1, wherein the
power supply unit comprises a constant-voltage power supply
or a constant-voltage current-limited power supply.

3. The magnetization apparatus of claim 1, wherein when
the exciting signal turns to the low voltage level, the energy
generated by demagnetizing the coil i1s transferred to the
energy storage element.

4. The magnetization apparatus of claim 1, wherein when
the exciting signal turns to the low voltage level, the voltage
clamp unit controls the iternal switch thereof according to
the voltage level of the energy storage element, thereby con-
trolling the voltage level of the energy storage element to be
less than or equal to the voltage level of the clamp voltage.

5. The magnetization apparatus of claim 1, wherein the
exciting signal comprises a DC signal or a pulse signal.

6. The magnetization apparatus of claim 1, wherein the
exciting signal comprises an over-drive current signal.

7. The magnetization apparatus of claim 6, wherein the
over-drive current signal and the exciting signal are in the
same phase or opposite phase.

8. The magnetization apparatus of claim 1, wherein when
the magnetic field generating apparatus has multiple coils, the
power supply unit outputs a plurality of exciting signals to
exciting the coils respectively.

9. The magnetization apparatus of claim 8, wherein the
exciting signals are partially overlapped.

10. The magnetization apparatus of claim 1, further com-
prising;:

at least a full-bridge conversion unit electrically connected
with the coil, the power supply unit, the voltage clamp
unit and the energy storage element, and disposed cor-
responding to the coil.

11. The magnetization apparatus of claim 10, further com-

prising:

a control unit electrically connected with the full-bridge
conversion unit for controlling an operation of the full-
bridge conversion unit so as to enable the exciting signal
to exciting the coil or to demagnetizing the coil.

12. The magnetization apparatus of claim 10, further com-

prising;:

a current feedback unit for sensing the current of the coil to
control an operation of the full-bridge conversion unit so
as to enable the exciting signal to exciting the coil or to
demagnetizing the coil.
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